Abstract. In our study we investigated two polluted rivers of Eurasia from silicate and carbonate regions. We revealed an algal diversity consisting of 184 algal species and cyanoprokaryotes in the Rudnaya River, and 175 in the Qishon River. The distributions of species over the 7 higher taxa were very similar for both rivers with diatom prevealing. Bioindicational analysis in respect salinity, acidification, oxygenation, and organic pollution show that the water is cleaner and the diversity is higher in the Rudnaya River than in the Qishon River. The indices of saprobity S ranged similar. The impact of pollution on Rudnaya River increases downstream. In tha case of Qishon River, the impact of pollution decreases downstream.As a result of CCA, we revealed biosensors group sensitive to borates and fluorides in the case of Rudnaya River and these were: Ankistrodesmus acicularis, А. angustus, Scenedesmus acuminatus, Lyngbya kuetzingii, Neidium ampliatum, and Sellaphora rectangularis. In the case of Qishon River, Audouinella pygmaea, Characium ornithocephalum, and Chamaesiphon amethystinus were found as biosensor species. We found that algal biodiversity is more sensitive to technogenic pollution in the silicate province being more tolerant to the same organic pollutants in the carbonate province. Therefore, the combination of bioindicational methods and statistics are effective for determination of the main factors influencing algal diversity, indicators or biosensing species for the most important environmental variables.
Introduction
According to our research, algal diversity is significantly influenced by changes in the environmental parameters. We can use this contiguity in bioindication methodology. However, the major parameters used in bioindication are individual for each species, while the reaction of the entire community is left unseen.
To change this situation, in this research we reveal the reaction of the entire algal community present in two rivers in Eurasia, the Rudnaya River and the Qishon River ( Figure 1 ) as a result of the changes in water parameters under anthropogenic pollution and regional climatic influence.
The main characteristic of the Israeli climate is a short rainy season,which lasts from December to March. The cliamte of the Far-East is mainly characterized by a summerhumidity season which lasts from April to October. the city of Haifa. The Qishon's water is contaminated by agricultural runoff, various types of industrial effluents, and domestic sewage (Herut & Kress 1997) ; by heavy metals and a mixture of organic materials (Richter et al. 2003; Herut et al. 1994; Krumgalz 1993 ) including polycyclic aromatic hydrocarbons (PAHs), alkylated benzenes, halogenated alkanes, and chlorinated aromatic organic compounds; and some radionucleotides. As a result, the lower part of the Qishon River has been denuded for years of its multicellular life forms (Richter et al. 2003) . Moreover, tissue analyses of fishes, crustaceans, and mollusks from the shallow waters of Haifa Bay at the mouth of Qishon River revealed high levels of heavy metals and deviations in oxidizing enzyme activities ; Herut et al. 1999 ). Herut et al. (2003) reported medium degree of pollution in the Qishon estuary by heavy metals (mercury, copper, zinc, cadmium, nickel) and high degree of pollution upstream by international environmental criteria. Not surprisingly, the Qishon River has been identified as the main source of mercury, cadmium and other heavy metals pollution in the Haifa ports. High concentrations of Tributyltin (TBT) (> 100 µg/Kg), probably originating from antifouling paints, were found in the sediments at both, the Haifa port, and Qishon river. Probably, as the consequences of the TBT pollution the entire female population of the snail Murex forskoehli collected in the vicinity of Haifa Port (~ 800 specimens) exhibited male sexual characteristics. The sediments at the Ports of Haifa, and Qishon river are also significantly contaminated by PCB's and by polycyclic aromatic pollutants (PAH's) not to speak about high levels (recorded from 1990 to 2002) of dissolved inorganic nutrients (nitrogen and phosphorous), representing a high degree of pollution by international environmental criteria (Herut et al. 2003) . The Qishon River has also elicited major public concern for its potential long-term cancer risks to fisherman working in its vicinity and to navy soldiers who used to dive in the river (Richter et al. 2003) . 
Figure 2. Sampling stations over the Rudnaya River (a) and Qishon River (b).

Materials and methods
Materials
For our study we have collected 649 samples of planktonic and periphytonic algae from 24 stations over the Rudnaya River in [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] The samples were obtained by scooping up for phytoplankton and by scratching for periphyton and were fixed in 3% formaldehyde. Algae were studied with a dissecting Swift and Amplival microscopes under magnifications of 740-1850 and were photographed with the digital camera Inspector 1. The diatoms were prepared with the peroxide technique (Swift 1967 ) modified for glass slides (Barinova 1997 ). The diatoms were studied both under light microscope and scanning electron microscope JEOL JSM 35C. The taxonomy of this study mainly follows the systems adopted in the "Süswasserflora von Mitteleuropa". Table 1 . shows the chemical data for Rudnaya River come from Elpatievsky et al. (1976) .
In parallel with sampling for algae in Qishon River, we measured conductivity, mineralization and pH with HANNA HI 9813. In addition to our sampling we have used data of chemical analysis regularly performed by "Mekorot Water Co." shown in Table 2 . Density scores were calculated using a 5-score scale (Whitton & al. 1991 ) and 6-score scale (Korde 1956 ). Saprobity indices were obtained for each algal community (Pantle & Buck 1955; Sladeček 1986 ) and then used for integral assessment of the species habitats. Ecological and horological characteristics of the species are summed up in our database .
Our ecological analysis revealed freshwater algae ecological groups in respect to pH, salinity, and saprobity, as well as temperature, streaming, and oxygenation. Each group was separately assessed in respect to its significance for bioindication. Species that respond predictably to these variables can be used as bioindicators reflecting the response of aquatic ecosystems to eutrophication, pH levels (acidification), salinity, and organic pollutants.
Diagrams of species distribution were constructed for each group of ecological indicators. The algal groups were ordinated according to their increasing tolerances for a given environmental variable. A polynomial/linear trend line was defined (as a statistic function in the Microsoft EXCEL program) for distribution of algal groups in response to individual variables, showing the general tendency of the diversity changes in respect to fluctuations of a given variable.
The distribution in the number of species between the groups in the different indicator systems shows the total range of environmental conditions in the river, on one hand, and the prevailing conditions, on the other. The summit of the trend line corresponds to the optimal conditions in respect to the given variable.
Out of the many possible the ordination methods available we have chosen to use Canonical Correspondence Analysis (CCA). We were able to obtain quantitative information on the relationship between species and environmental variables using CCA with the CANOCO for Windows 4.5 package.
Estimation of the explanatory power for each environmental variable was performed using the variable as the sole constraining variable. Statistical significance for each variable was assessed using the Monte Carlo unrestricted permutation test involving 999 permutations (ter Braak 1987; 1990) .
The CCA biplot represents the ordination of species in relation to the combination of the different environmental variables. Environmental variables are represented by arrows, the maximal value for each variable is located at the arrow head. Therefore, species marked near arrow head are bioindicators in respect this variable. Species marked near opposite end of arrow are biosensors, which is sensitive even to presence of given variable.
Results and discussion
Rudnaya River
Data on water hydrochemistry of the Rudnaya River are cited in table I (Elpatievsky et al. 1976 ). Unfortunately, the existing data pertain to metal concentrations only except the data on stations 1 and 2, which show normal distribution of chemical elements in the natural unpolluted water sources in the Russian Far East. Insignificant pH fluctuations suggest that the river waters are fresh over the most of the watercourse. Even at the mouth station 24 pH does not exceed 7.6. An increase of pH up to 8.3 was measured at stations 21 and 23 only. These stations are situated down current of the polluting tributaries of the Rudnaya River.
The analysis of 2+ , Na + , TDS, Cu, Pb, Sn in the Rudnaya River, in general and at the station 21 and 23 in particular are higher than the background level. The concentration of borates, sulfates, and fluorides increase up to ten times at these stations. Notable also is a significant increase of Zn at the stations 9 and 11.
As it was expected, the saprobity index is the lowest at the clear water station 1 (S=1.32) up current of the major pollution sources. Similar values of saprobity indices are obtained for the majority of water sources in the Russian Far East (Barinova & Medvedeva 1987 ). The influences of polluting discharges are reflected in the increase in the saprobity index up to 2.18-2.26. The maximal biological diversity of algal communities was observed at the clear-water station 1, appreciably decreasing down the current.
Qishon River
The physico-chemical environmental variables and their dynamics over the Qishon River stations are indicated in Table 2 . The pH and conductivity show that Qishon River is fresh water in the upper and middle reaches, is influenced by sea tides in the lower reaches (chloride fluctuated from 773 mg per liter to 11663 mg per liter (Qishon River Authority http://www.kishon.org.il/) and remains alkaline all year-round. The concentration of N-NO 3 is 0.6-10.5 mg per liter. The concentration of P-total is 0.2-7.93 mg per liter. In winter, conductivity tends to increase from station 10 to the mouth, while pH tends to decrease in the same direction. Connection between conductivity and salinity levels as well as other chemical variables and Index of saprobity S indicated in the Table 2 . In general, pH in Qishon River is relatively constant fluctuating between 9.1 and 7.5 down the river channel corresponding to the regional norm for carbonate provinces (Meybeck & Helmer 1989) .
In samples from Qishon River we found 175 species of algae from 7 divisions ( Barinova et al. 2004; 2006 Table 3 , the species diversity in each river is significantly different, that reflects their regional ecological preferences. The comparison of found diversity (Table 3 ) is on the Figure 3 . 
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Korsch. The diversity of the species is similar in the two rivers with diatoms prevailing. Figure 3 shows that green algae are second in importance in the both rivers, followed by the cyanoprokaryotes. The presence of red algae can be noted as a unique element of the Qishon River algoflora. Distribution of species diversity over the substrate habitation groups in both rivers is shown in Figure 4 . The arrow specifies a direction of strengthening of communication with substrate. In the Rudnaya River, the substrate bound species prevail. In the Qishon River, the benthic and plankto-benthic algae are represented by almost even species numbers because the river is low streaming. However the trend lines for the both distributions are similar. Their peaks occur between the groups of benthic and planktobenthic algae. The whole range of the temperature indicators is represented ( Figure 5 ), predominated by the temperate indicators in both rivers. The arrow specifies strengthening parameter. The trend lines of both distributions are similar, and their peaks occur between the groups of temperate and eurythermic algae. Figure 6 shows distribution of saprobity indicators defined by Watanabe's method (1986). The arrow specifies strengthening parameter. Both distributions are dominated by eurysaprobic group; however the peak for the Qishon River is displaced toward the saprophile diversity, hence, these indicators show a somewhat greater organic pollution in the Qishon River, than in the Rudnaya River. Salinity indicators represent the oligohalobe and medohalobe groups for both rivers ( Figure 7 ). The arrow specifies strengthening parameter. Among the oligohalobes, the group of indifferents dominates in both rivers. The peak of a trend line for the Qishon River is somewhat displaced towards the indicators of high chloride concentrations. The group of mesohalobes in the Qishon River is also relatively prominent. It testifies to an appreciable influence of marine tidal waters on the algal diversity in the Qishon River, whereas the waters of the Rudnaya River are fresher. Algae in both rivers represent the whole spectrum of рН indicators (Figure 8 ). The arrow specifies strengthening parameter. In the Rudnaya River the group indifferents, preferring neutral waters, predominates. In the Qishon River a prevalence of alcalic species is better marked. Hence, with due attention to the peaks of the trend lines, we conclude that the algae from the Rudnaya River show preference of neutral, subacidic or alkalic waters characteristic of silicate bedrocks, whereas in the Qishon River indicators reflect the regional norm for carbonate provinces (Meybeck & Helmer 1989 ). The indicators of organic pollution defined by the method of Pantle and Buck (1955) modified by Sládeček (1986) came from a wide range of ecological groups ( Figure 9 ). The arrow specifies strengthening parameter.
Note: Hab -habitat (Ep -epiphytes, B -benthic, P-B -plankto-benthic, P-planktonic); T -temperature (eterm -eurytermic; temp -temperate; warm -warm water; cool -cool water); Oxy -streaming and oxygenation (st -standing water; st-str -low streaming water; str -streaming water); S -degree of saprobity on the Pantle-Buck's (Pantle & Buck 1955) (x -xenosaprobes, x-o -xeno-oligosaprobes, o-x -oligoxenosaprobes, x-β -xseno-betamesosaprobes, о -oligosaprobes, о-β -oligo-betamesosaprobes, β-o -betaoligosaprobes, o-α -oligo-alphamesosaprobes, β -betamesosaprobes, β-α -beta-alphamesosaprobes, α-β -alpha-betamesosaprobes, α -alphamesosaprobes); D-degree of saprobity on the Watanabe's (Watanabe 1986) (sx -saproxenous, es -eurysaprobes, sp -saprophiles); Hal -halobity degree (hb -oligohalobeshalophobes, i -oligohalobes-indifferent, mh -mesohalobes, hl -halophiles, ph -polyhalobes); pH -рН degree (alf -alkaliphiles, ind -indifferents; acf -acidophiles, alb -alcalibiontes).
In the Rudnaya River, the group of oligosaprobiontes is the largest, whereas in the Quishon River, the betamesosaprobiontes is better represented. The polynomial trend lines reflect a greater number of clear-water species in the Rudnaya River, while the indicators of moderate pollution are more numerous in the Quishon River. The oligoand xenosaprobic groups are particularly prominent in the Rudnaya River, while the alphmesosaprobic species are more prominent in the Qishon River, which is fairly obvious when the line trends are compared. Therefore, the organic content is greater in the Qishon then in the Rudnaya River.
At the same time, the polluted sections of these rivers differ in the composition of pollutants. The Rudnaya River is clear in the upper reaches being polluted down of Dal'negorsk industrial town. In distinction, the Qishon River is most heavily polluted by agricultural wastes in the upper reaches, with the industrial wastes added downstream. These distinctions are reflected by the dynamics of the saprobity indices in both rivers. During the whole period of observation, the concentration of organic pollutants tended to increase from the upper reaches towards the mouth, where we found a weak 2-year cyclicity of the index. The dynamics of the saprobiyty indices in both rivers show a lesser anthropogenic impact for Rudnaya River than for Qishon River. This is attested by the low amplitude fluctuations and the evidence of natural cyclicity in the Rudnaya River, whereas in the Qishon River the fluctuations are greater and the pollution is more dramatic in the upper reaches. Table 3 . Figure 13 presents the main factors influencing algal species abundance in the Rudnaya River. It can be seen that the borate salts, fluorides, copper, lead and their associated arsenic all have the same anthropogenic source. It seems that their concentration is related to the pH fluctuations. In distinction, both zinc and silver are of natural origins and their influence on biodiversity is different, even opposite to that of anthropogenic elements.
As a whole, the species of polluted waters are fairly tolerant to individual pollutants, which is in sharp contrast to the group of the neutral pH clear-water species (marked out by the ellipse to the right).
Marked by the lower left ellipse is a biosensor group sensitive to borates and fluorides. This group includes the green algae Ankistrodesmus acicularis, А. angustus, Scenedesmus acuminatus, that are used for biotesting of toxicants, the blue-green algae Lyngbya kuetzingii and also the diatoms Neidium ampliatum and Sellaphora rectangularis. Full names of species are presented in Table 3 .
The pallet, Figure 14 , gives the results of calculation of all environmental factors influencing the algal diversity in the Qishon River. According to the pallet the environmental factors can be divided into two separate groups. The first group includes factors of salinity and the pollution by ammonia, oil and sulfites, as well as the ecosystems activity factors -the concentrations of oxygen, nitrogen, phosphates, BOD and the chlorophyll a. The second group of factors includes nitrates and the related total nitrogen, as well as the water turbidity (TSS) and anoxia (sulfides) factors.
We identified a group of species that prefers clear and clean fresh water with low species diversity (right circle). This group includes the red algae Audouinella pygmaea, the seldom encountered green algae Characium ornithocephalum and the rare bluegreen species Chamaesiphon amethystinus. 
Conclusion
In two polluted rivers we revealed algal diversity consisting of 184 algal species and cyanoprokaryotes in the Rudnaya River, and 176 in the Qishon River. The diversity of species was higher in the Rudnaya River. Species diversity in the rivers is significantly different but the distribution of species over the higher taxa were very similar for both rivers.
Based upon the indicator analysis, accepted in the EC (European Parliament 2000), we conclude, that the water is cleaner and the algal diversity is higher in the Rudnaya River than in the Qishon River. The bioindication analysis of species preferences over the ecological groups in respect of salinity, acidification, and oxygenation shows similar distributions. Autecology of algal species is similar in both river communities but the Qishon is more alkalic and organically more polluted than the Rudnaya River. The indices of saprobity S affirm this conclusion. In addition, the Rudnaya River shows a weak 2-year cyclicity of organic pollution which may be a consequence of natural climatic cycles. The impact of pollution here increases downstream to the mouth, whereas the Qishon River is more polluted in the upper reaches, with periodically fluctuating pollution near the Haifa Chemicals. The impact of this pollution decreases down to the mouth.
The CCA determines the most significant factors affecting the species diversity in both rivers. As we know, the most effective application of this statistical approach is the comparison of communities' preferences from different phytogeographical provinces and seasons (Rédei et al. 2003) .
As a result, we found a group of biosensors in Rudnaya River sensitive to borates and fluorides: Ankistrodesmus acicularis, А. angustus, Scenedesmus acuminatus, which are used in biotesting of toxicants, as well as Lyngbya kuetzingii, Neidium ampliatum, and Sellaphora rectangularis.Low clean water requiring species richness was identified in Qishon River. This group includes the red algae Audouinella pygmaea, low abounded green algae Characium ornithocephalum, as well as the rare blue-green species Chamaesiphon amethystinus. These species can be used as biosensors of high pollution in carbonate provinces.The similarity of species diversity distribution over the major bioindicating groups for the both rivers and the specificity of their response to the increasing pollutant concentrations leads us to the following conclusion.
We found that algal biodiversity is more sensitive to technogenic pollution in the silicate province being more tolerant to the same organic pollutants in the carbonate province.This can be related to the presence of metal ions in the water of silicate province with ph less than 7. In contrast, in the carbonate province, the metals are precipitated and their toxic impact is lower.
Thus, our comparison of two polluted rivers shows, that the combination of bioindicational methods and statistics are effective to determine the main factors affecting algal diversity, and are helpful in recognition of indicators or biosensing species for the most important environmental variables.
